Panax ginseng C. A. Meyer (ginseng) has been widely used as a herb and functional food in the world. Polysaccharides are the main active components of ginseng. In this paper, the polysaccharides were sequentially extracted by 50 mM Na 2 CO 3 , 1 M KOH and 4 M KOH from ginseng roots treated sequentially with hot water, α-amylase and ethylenediaminetetraacetic acid extraction. Na 2 CO 3 -soluble ginseng polysaccharide (NGP) was fractionated into one neutral and three acidic fractions by anion exchange and gel permeation chromatography. Fourier transform infrared, NMR and methylation analysis indicated acidic fractions in NGP were highly branched rhamnogalacturonan-I domains, with → 4)-α-GalpA-(1 → 2)-α-Rhap-(1 → disaccharide repeating units as backbone and β-1,4-galactan, α-1,5/1,3,5-arabinan and type II arabinogalactan as side chains. 1-KGP (1 M KOH-soluble ginseng polysaccharide) and 4-KGP (4 M KOH-soluble ginseng polysaccharide) were mainly composed of hemicellulose besides starch-like polysaccharides and minor pectin. Antibody detection, enzymic hydrolysis, high performance anion exchange chromatography and methylation analysis demonstrated xylan was the major component in 1-KGP, while xyloglucan was predominant in 4-KGP. Comparing the polysaccharides obtained by different solvent extractions, we have a comprehensive understanding about total ginseng polysaccharides.
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NMR analysis of purified fractions from NGP
The structures of NGP-1a, NGP-2a and NGP-2b were further analysed by 13 C NMR spectroscopy (figure 3), and the chemical shift assignments are listed in table 3. As can be seen, GalA and Rha showed low intensity signals in these fractions, which were in accordance with their monosaccharide compositions. The anomeric signals at 97.41-98.10 ppm were assigned to C-1 of α-1,4-GalA, and signals at 173.84-174.53 ppm were assigned to C-6 of α-1,4-GalA. The two signals at 16.66 and 16.39 ppm were attributed to C-6 of α-1,2-Rha and α-1,2,4-Rha, respectively [21] . [22] . Low intensity signals at 103.31 and 80.05 ppm were attributed to C-1 and C-3 of β-1,3/1,3,6-Gal, respectively. The anomeric signals at 107.28 and 106.95 ppm were assigned to C-1 of α-1,5-Ara and α-1,3,5-Ara, respectively, and the signals at 83.75 ppm and 79.09 ppm were assigned to the C-3 carbons of α-1,3,5-Ara and α-1,5-Ara, respectively. Low intensity signal at 109.08 ppm was attributed to the C-1 of t-α-Araf [23] . NMR results indicated that RG-I domains in NGP-1a, NGP-2a and NGP-2b might be highly branched with β-1,4-galactan, α-1,5/1,3,5-arabinan and type II arabinogalactan side chains. Previous studies also showed that 50 mM Na 2 CO 3 mainly solubilized ramified hairy region of pectic polysaccharides from squash cell walls [24] and Psidium cattleianum [14] .
Methylation analysis of purified fractions from NGP
Methylation and GC-MS analysis were performed to determine the glycosidic linkages of these RG-I domains. The results of the linkage compositions are shown in table 4. As uronic acid was not reduced prior to methylation, the linkage of GalA was not detected. NGP-1a, NGP-2a and NGP-2b all contained 1,2-Rhap and 1,2,4-Rhap, which is consistent with the RG-I structure features. 1,2-Rhap residues were highly branched at the O-4 position in these fractions, with degree of branching of 86.8%, 62.5% and 54.5%, respectively. The majority of Ara residues present in these fractions were in the form of 1, and 88.7%, respectively, corresponding to oligosaccharides produced by the degradation of starch. The polymeric fractions 1-KGP-P and 4-KGP-P were mainly composed of Glc and Xyl, with minor Gal, Ara, and Man, suggesting they were predominantly composed of hemicellulose such as xyloglucan, xylan or arabinoxylan. The presence of GalA and Rha indicated that small amounts of pectic polysaccharides were also extracted by 1 M and 4 M KOH solution. The FT-IR spectra of 1-KGP-P and 4-KGP-P (figure 2d,e) showed typical carbohydrate signals, in which the band at 897 cm −1 was assigned to β-linked sugar residues in hemicellulose [20] .
3.3.2. Purification of 1KGP-P and 4KGP-P by size-exclusion chromatography 1-KGP-P and 4-KGP-P were both fractionated by Sepharose CL-6B column. After separation, two fractions, 1-KGP-P1 and 1-KGP-P2, were obtained from 1-KGP-P (figure 4a), with molecular weights of 480 kDa and 2.7 kDa, respectively. Their monosaccharide compositions are listed in Table 3 . 13 C NMR spectral assignments of NGP-1a, NGP-2a and NGP-2b. xyloglucan or xylan with Gal or Ara containing side chains. Small amounts of GalA and Rha in 1-KGP-P2 probably arise from co-extracted pectic polysaccharides. 4-KGP-P was separated into three fractions by Sepharose CL-6B, named 4-KGP-P1, 4-KGP-P2 and 4-KGP-P3 (figure 4b). Their molecular weights were 446 kDa, 123 kDa and 2.6 kDa, respectively. 4KGP-P1 contained Xyl (37.6%) as the major sugar. Besides, it contained high amounts of GalA (27.9%) and Rha (13.7%), with minor Gal, Ara and Glc. These sugars evidenced the presence of xylan/xyloglucan and pectic polysaccharides which might be associated with each other and co-extracted by 4 M KOH. 4-KGP-P2 and 4-KGP-P3 were both composed of Glc, Xyl, Gal and Ara. Fuc was also detected in 4-KGP-P2. These results indicated both 4-KGP-P2 and 4-KGP-P3 contained different substituted xyloglucan structures.
Enzyme-linked immunosorbent assay detection
To detect the structural features of 1-KGP-P and 4-KGP-P, hemicellulose-directed monoclonal antibody (LM 10, LM 15 and LM 21) detection was performed. LM 10 is specific to unsubstituted or low-substituted β-1,4-xylan [26] , LM 15 could recognize XXXG structural motif of xyloglucan [27] and LM 21 recognizes hetero-β-1,4-mannan [28] . The binding of 1-KGP-P and 4-KGP-P to LM10 suggested they both contained unsubstituted xylan or low-substituted xylan such as arabinoxylan ( figure 5 ). The binding of LM 15 to 4-KGP-P was stronger than 1-KGP-P, indicating 4-KGP-P contained more xyloglucan epitopes with XXXG structural motifs than 1-KGP-P. Both 1-KGP-P and 4-KGP-P exhibited very weak binding to LM 21, suggesting only a few heteromannans were present in them.
Enzymatic hydrolysis of 1-KGP-P and 4-KGP-P and high performance anion exchange chromatography
Xyloglucan is one of the major hemicellulosic polysaccharides. 
. XXXG-, XXGG-, XLFG-and XXFG-type oligomers have been found in endoglucanase-degraded xyloglucan from many plants. 1-KGP-P and 4-KGP-P were degraded by endo-1,4-β-glucanase to further analyse their chemical structures. The released oligosaccharides were detected by HPAEC. Both the HPAEC elution patterns confirmed the presence of oligomers of xyloglucan in 1-KGP-P and 4-KGP-P, which were identified using retention times of known oligosaccharides from apple xyloglucan. As shown in figure 5 , the main peaks eluted at 3.4, 3.8, 4.2, 5.3 and 6.5 min were attributed to GFG, XXG, XFG, XXXG and XLXG oligomers in 1-KGP-P (figure 6a), and the elution peaks at 3.9, 5.4, 5.9, 6.3 and 6.6 min were assigned to XXG, XXXG, XXFG, XLXG and XLFG oligomers in 4-KGP-P, respectively (figure 6b). It seemed that 4-KGP-P had more branching than 1-KGP-P. These oligomer structures of xyloglucans were similar to the structures of alkali solution-extracted hemicellulose from subclass Asteridae [30] and okra [31] .
Methylation analysis of 1-KGP-P and 4-KGP-P
The glycosidic linkages in 1-KGP-P and 4-KGP-P were further analysed by methylation and GC-MS (table 4) . The dominant sugar residues in 1-KGP-P and 4-KGP-P were 1,4-Glcp, 1,4,6-Glcp, t-Glcp, 1,4-Xylp and t-Xylp, which were commonly reported in xylan and xyloglucan [29] . 1,4-Glcp residues were highly branched at the O-6 position in 4-KGP-P, while less branched at the O-6 position in 1-KGP-P, with degree of branching of 65.4% and 20.6%, respectively. Small quantities of 1,2-Glcp, 1,3-Glcp and 1,6-Glcp were also found in 1-KGP-P and 4-KGP-P. The molar ratio of 1,4-Xylp in 1-KGP-P was higher than in 4-KGP-P. These results suggested xylan was the main component in 1-KGP, while xyloglucan was prevailing in 4-KGP, consistent with ELISA analysis and enzymatic hydrolysis results. Meanwhile, less 1,5-Araf, 1,3,5-Araf , t-Araf, 1,4-Galp, 1,3-Galp, 1,6-Galp, 1,3,6-Galp and 1,2,4-Rhap was also detected in these fractions, which might be due to the co-extraction of pectin with hemicellulose by KOH solution.
Comparison of polysaccharides extracted by different methods from ginseng
Combining the above and previous results, after sequential extraction with hot water, Structures of different pectic polysaccharides in ginseng were classified according to their contents of GalA and Rha, and the ratios of GalA/Rha. We defined the polysaccharide with (i) the content of GalA > 60% and the ratio of GalA/Rha > 10 as HG; (ii) the content of GalA + Rha > 10% and the ratio of GalA/Rha ≈ 1 to 3 as RG-I; (iii) the content of GalA + Rha > 20% and the ratio of GalA/Rha ≈ 4 to 10 as covalently linked HG and RG-I. Based on these definitions and structural analysis results, WGP was mainly composed of AG (WGPA-1-RG and WGPA-2-RG), RG-I (WGPA-3-RG and WGPA-4-RG) and HG (WGPA-1-HG to WGPA-4-HG) structures. HG fractions were methyl-esterified with degree of methyl-esterification (DM) from 5.0% to 30%. The molecular weights of these pectic polysaccharides were between 3.5 kDa and 330 kDa [7] . These free pectins with relatively high DM, which might be located in the middle lamella of the cell walls, could be easily extracted with hot water. WGPE mainly contained RG-I (WGPE-2a and WGPE-3a) and HG (WGPE-2b and WGPE-3b) structures. The DMs of these fractions were between 5.0% and 32.0% [12] . The molecular weights of these fractions were from 12 kDa to 430 kDa, higher than those extracted with hot water, suggesting high molecular weights of pectin could be obtained by α-amylase extraction due to the destruction of some starch granules. EDTAextracted pectin (EGP-2a, EGP-2b, EGP-3a and EGP-3b) contained moderate contents of GalA with lower DM and displayed higher molecular weights (110 kDa to 430 kDa). HG and RG-I seemed to be linked together in these fractions [13] . Hence, chelating reagent was thought to release low methylesterified pectin which might be bound by Ca 2+ in the cell walls. Highly branched RG-I-type pectins (NGP-1a, NGP-2a and NGP-2b) were extracted with 50 mM Na 2 CO 3 solution. These pectins might be covalently cross-linked to the cell wall and could not be extracted by mild conditions such as hot water or chelator. Na 2 CO 3 is able to break interpolymeric ester linkages of pectin to other cell wall components [14] . Therefore, we could use Na 2 CO 3 to obtain these pectins from ginseng which were not extracted before. Unlike above-mentioned pectic polysaccharides in ginseng, the polysaccharides obtained by 1 M and 4 M KOH extraction were mainly hemicellulose. These were in agreement with previous work showing that extraction of dicot cell walls with strong alkali produced predominantly hemicellulose [32] . Xylan was the main component in 1-KGP, while xyloglucan was prevailing in 4-KGP. Xyloglucanrelated oligomers XXG, XXXG and XLXG were found in both KOH-extracted hemicellulose fractions. The structural features of these non-starch polysaccharides were consistent with immunocytochemistry analysis of ginseng cell wall in our previous study [18] .
Conclusion
In summary, highly branched RG-I domains were extracted by Na 2 CO 3 solution, and hemicellulose including xylan and xyloglucan was extracted by KOH solution. As RG-I-type pectin and hemicelluloses have been reported to possess many valuable bioactivities, alkali solution-extracted ginseng polysaccharides might have wide applications in functional food or pharmaceutical industries. These alkali solution-extracted ginseng polysaccharides exhibited great differences from those extracted using other methods. Comparing the polysaccharides obtained by different solvent extractions, we have a comprehensive understanding about total polysaccharides of ginseng.
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